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The University of Minnesota climatological obseivatory on the St. Paul campus has been in the path of
four partial eclipses, ranging from 500/4 to 91 % of totality (the area of the covered sun) since operations
began in 1960. Three of the four partial eclipses occurred while the atmosphere at St. Paul was essentially
cloud-free. Measurements made during the three partial eclipses include incoming and reflected solar
radiation, incoming and outgoing longwave radiation, air and soil temperatures, relative humidity, and
wind speed and direction. Of the partial eclipses for which the effects could be measured, only the one
of 30 May 1984 occurred in the absence of a snow cover. This partial eclipse, which attained a maximum
coverage of 54% of totality, showed that the temperature of a soil surface devoid of vegetation was
affected to a depth of at least 10 cm.
An interesting and seldom measured quantity is the difference between the reduction of the incoming
and the outgoing terrestrial Oongwave) radiation. For the 91% of totality 26 February 1979 eclipse the
reduction of the terrestrial longwave radiation was three times greater than the incoming terrestrial
radiation. This occurred because the earth temperature was reduced far more than that of the atmosphere.
These and other responses of the meteorological variables to the partial eclipses are discussed and
illustrated in this paper.
INTRODUCTION

Throughout history solar eclipses have been noted
by laymen and astronomers alike. Any alteration in the
sun's intensity is bound to have created interest,
wonder, and even fear. Eclipses did not escape the
Biblical writers (Amos 8: 19), and even Mark Twain
made use of the eclipse in "A Connecticut Yankee In
King Arthur's Court." If some of the television
inteiviews made during eclipses are to be believed,
modem man has changed but little from his ancestors.
For the scientific community, it is of interest to note
that Bulletin I of the U.S. Weather Bureau contained a
study entitled "Eclipse Meteorology and Allied
Problems" (2). Except for the analysis by Pruitt et al.
(8) and Ushiyama et al. (10), analyses appear to have
concentrated upon solar radiation itself, which is the
most obvious and dramatic effect (1, 5, 6).
St. Paul, Minnesota, has been in the path of four
partial eclipses in the last 30 years, and on three of the
four occasions the skies were essentially cloud-free
during the critical period. It was our good fortune to
have been able to measure the effect upon several
meteorological variables during these three events.
The objective of this report is to provide information of interest to both the amateur and professional
weather obseivers with descriptions of the effect of an
eclipse upon certain meteorological and micro-

meteorological variables at a mid-continent North
American research station.
SITE OE.SCRIPfION AND INSTRUMENTATION

The instrumentation used in this study is part of
the climatological obseivatory on the St. Paul campus
of the University of Minnesota. The station is located
at 44°59' N, 93°11' W, and is 296 m above mean sea
level (MSL). The station site provides an essentially
unobstructed view of the sky.
The obseivatory is located within an area devoted
to small agricultural test plots. The general area is best
described as a modified rural environment, since there
has been a gradual encroachment of private
residences and university buildings. The central
business districts of St. Paul and Minneapolis (the
"Twin Cities") are about 8.3 km SE and 6. 7 km WSW,
respectively, of the obseivatory. Within a radius of 50
km of the station, about 39% of the area is agricultural,
that is, devoted to corn, soybeans, alfalfa, or
permanent pasture (9)
Incoming and reflected solar radiation fluxes were
measured with SO-junction pyranometers. Calibration
of these instruments was checked against a similar
instrument held in reseive for this purpose. Both
incoming and outgoing longwave radiation flux
densities were measured with infrared radiometers
(pyrgeometers) which were calibrated using a special
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hemispherical calibrating blackbody. Output of each
radiometer was recorded on a circular chart single-pen
recorder with a built-in mechanical integrator.
Recorders were serviced on a regular quarterly basis.
An observer was at the station at least once per day
and the radiometer domes were cleaned as required.
All radiation sensors were operating for the 1979 and
1984 partial eclipses, but only shortwave sensors were
available for the two earlier events.
Supplementary measurements of relative humidity
and soil and air temperature were also made at the
observatory. However, measurements for all of these
variables were not made for each of the partial
eclipses. Air temperature and relative humidity were
measured with a hygrothermograph, located in a
standard temperature shelter, which was checked
regularly with daily sling psychrometer readings. Soil
temperatures
were
measured
with
buried
thermocouples, the output of which was recorded on
an electronic data logger. This recorder was also
serviced and calibrated at regular intervals.
Additional air temperature and wind speed
measurements were available from two suburban
residential sites within the Twin Cities metropolitan
area for the 1979 eclipse. Wind speed and air
temperature were measured at the site located in
Roseville, MN, about 7 km NNW of the University of
Minnesota observatory. The instruments were well
exposed; the temperature was recorded with a
hygrothermograph housed in a temperature shelter
and the wind sensor, a 3-cup plastic anemometer, was
mounted on a 3 m tower. Data were recorded as
continuous traces and both instruments were
calibrated within 30 days of the partial eclipse. The
surrounding terrain is nearly level and about 293 m
MSL.
The second set of measurements was made at a site
in Rosemount, MN, about 32 km SSW of the
observatory. The local terrain is relatively open, very
level, and is about 302 m MSL. Wind and humidity
sensors were mounted on a 10 m tower, the
temperature and dew point sensors were in a well
exposed standard temperature shelter, and solar
radiation was measured with a roof-mounted
pyranometer that had full exposure to the horizon.
The output of all instruments was automatically
recorded, and a printout made every 6 min. The solar
radiation record was not used since it was not
continuously recorded. However, the radiation
measurements verify the results obtained at the
climatological observatory.
Values for both solar (incoming and reflected) and
longwave (incoming and outgoing) components have
been smoothed using a normal curve smoothing
function of 2cr = 9 units (4). This was necessary
because the data were recorded using different
numbers of significant digits for the various quantities.
2

This resulted in curves with fairly obvious "steps,"
especially for the reflected solar radiation and both
components of longwave radiation.
A computer program (called Kepler) developed by
Dr. Lawrence Rudnick, Astronomy Department,
University of Minnesota, was used to calculate the
positions of the sun, moon and earth during the 30
May 1984 eclipse period. These data were then used to
determine the amount of overlap (represented by the
percent of the diameter and percent of the area of the
sun covered) between the sun and moon on a minute
by minute basis. Additionally, calculations were made
showing the percent reduction in brightness or
intensity from the sun.
RESULTS AND DISCUSSION

Percent reduction in solar diameter and area, and
the intensity and amount in Watts per square meter
(W m- 2) of incoming solar radiation during the 30 May
1984 eclipse are shown in figure 1. The error in the
area and diameter values as well as the times of the
start and finish for these curves is about 1 to 2%. This
is due to inaccuracies within the computer program
(gravitational attraction due to the other planets
significantly complicates the calculations) as well as
possible errors in the pyranometer. The curves
correspond quite well (Fig. 1). The reduction in solar
radiation is explained almost completely by the other
quantities. The observed intensity (brightness)
decrease lags slightly behind the radiation decrease
until near maximal coverage. This is because the most
intense or brightest part of the sun is towards the
center and is not being covered. During the precession
and recession of the eclipse, areas of lower brightness

Figure 1
Percent reductions in solar radiation,
solar diameter, area of the sun covered,
and intensity of brightness of the sun for
the 30 May 1984 eclipse.
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were being covered but the most intense areas were
still unobstructed.
In contrast to other variables, the percent solar
diameter covered indicates that a further decrease of
about 7% occurred (Fig. 1). This is due to the geometry
of the intersection of the sun and moon. Basically,
there is an intersection of two circles with the diameter
of coverage represented as the distance of overlap
along a line connecting the centers of both bodies. The
area of intersection is shaped like that of a flat ellipse
with pointed ends. Therefore, while the percent
diameter value may be large, the corresponding values
(area, intensity, and amount of solar radiation) will not
show as great a decrease at any time except at the very
beginning and end of the eclipse.
It is interesting to note that reduction in solar
radiation commences before reduction in any other
variable. An explanation for this reduction could be
that the moon is blocking the corona of the sun and
that the pyranometer is sensitive enough to detect this
decrease in radiation. This would also tend to explain
the somewhat greater radiation reduction relative to
the reduction in the other quantities that appears
before about 1000 hours central standard time (CS1)
and after 1045 CST. It is, however, uncertain whether
this is an artifact of the pyranometer, since at present
we do not have the means to check this degree of
sensitivity with the required accuracy.

The Partial Eclipse of 7 March 1970
The first partial eclipse, for which only solar
radiation measurements are available, occurred on 7
March 1970. The zone of totality extended from New
Zealand to southern Mexico to Florida, Georgia, South
and North Carolina, Virginia, Massachusetts, and Nova
Scotia. The partial eclipse zone covered all of North
America. At St. Paul the partial eclipse began at 1113
CST, reached a maximal totality of 50% (that is, the
area of the sun obscured) at 1223 CST and ended at
1327 CST, for a duration of 2 hr and 14 min.
Maximal and minimal air temperatures for the day
were -1.4 °C and -10.2 °C, respectively. A continental
polar air mass had moved into the area within the
previous 24 hr resulting in high atmospheric
transmissivity. Cirrus clouds moved into the area only
at the very end of the period and thus had no affect
on the measurements.
The only radiation data available for the 1970
partial eclipse were total incoming (direct beam and
diffuse) and reflected solar radiation. They were read
at 7.5 min intervals from the continuous trace on the
charts (Fig. 2). At the time of the eclipse, the ground
was covered with about 12 cm of fresh snow with the
most recent addition recorded 2 days earlier on 5
March. That the snow was still fresh is indicated by a
mean albedo (reflection coefficient) of 81 % on 7 March
(Fig. 3). During the eclipse period, the albedo did not
Vol. 59, No. 1, 1994

Figure 2
Incoming and reflected solar radiation
for the 7 March 1970 eclipse.
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remain constant, rather it exhibited a marked
decrease. In the hour before the eclipse, the albedo
averaged about 82% but dropped to around 76% for
nearly 30 minutes during the partial eclipse period,
reaching a minimum of 75%.
Figure 3
Observed albedo for the period 0800 to
1700 CST on 7 March 1970.
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Local newspapers had indicated that the eclipse in
St. Paul/Minneapolis was to be 50% of totality.
Comparing radiation received in clear periods on the
same date in other years indicates that a 49% decrease
of the solar flux density CW m- 2) was obtained at the
time of minimal reception (Fig. 2). Over the period
extending from 1100 to 1330 CST, 59.9 W m- 2 of solar
radiation were received. This compares to the
expected amount given cloud-free conditions of 76.4
W m- 2, which equates to a 21.6% reduction in solar
flux density over the period (Table 1).
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Figure 5
Diffuse radiation for the period
0715 to 1700 CST on 26 February 1979.

Table 1. Reduction in incoming solar radiation
flux densities during three partial eclipses
measured at the Climatological Observatory, St.
Paul, MN.
Date

Intetval
CST
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30 May 1984

140 . . - - - - - - - - - - - - - - - - - ~

130

Radiation
Actual Expected• Reduction

-wm- 2 -59.9
42.6
83.0

76.4
68.9
109.1

120
110
-

%

'e

100
00

!.

80

(',I

21.6
38.2
23.9

z

70

0

~

a

"Cloud-free solar radiation reception during the same time
intetval and date in other years.

~

60
50
40

30
20

The Partial Eclipse of 10 July 1972
Thunderstorms and associated cloud cover at St.
Paul obscured the sun and prevented any measurable
effects to be noted. For example, there was only 47%
of the possible sunshine for the day with 100% sky
cover and rain showers observed at 1200 CST.
Thundershowers occurred again at 1500 CST. These
time periods encompass the eclipse period which was
about 1330 to 1545 CST.
The Partial Eclipse of 26 February 1979
At St. Paul this partial eclipse began at 0933 CST,
reached a maximum of 91 % of totality at 1047 CST,
and ended at 1205 CST for a total duration of 2 hours
and 32 minutes. Figure 4 is a reproduction of the
radiation traces including total (direct and diffuse)
incoming shortwave and total reflected shortwave
radiation for the period 0600 to 1800 CST (again read
at 7.5 min intervals). The minimum in diffuse radiation
occurred just after maximal coverage and was
estimated at 7 W m- 2 (Fig. 5). The sky was nearly clear
throughout the day and no clouds obscured the sun at
any time. Maximal and minimal air temperatures for
Figure 4
Incoming and reflected solar radiation
for the 26 February 1979 eclipse.
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the day were -0.6 °C and -11.1 °C, respectively, with
SSE winds. Snowfall occurred on 22, and 23 February
which totaled about 14.S cm and brought total snow
accumulation on the ground to 61 cm.
Listed in Table 2 are calculated reductions in
radiation fluxes at the time of maximal coverage.
These reductions are based on clear-day radiation
values for the same date in previous years. Perhaps the
most interesting feature in Table 2 is the difference in
the effect of the eclipses on the two terrestrial radiation
fluxes (Fig. 6). The flux from the sky during the eclipse
showed a reduction of < 3%. This is expected because
the atmospheric absorption of solar radiation is not
very great, particularly in the presence of a cold, dry
air mass. As a result, longwave radiation emitted from
the atmosphere to the earth did not show much
change. In contrast, radiation emitted from the nearly
fresh snow surface (mean albedo on the day before
and day after equaled 74%) would exhibit a much
larger change due to greatly decreased radiation that
could be absorbed resulting in lower snow surface
Table 2. Maximal reduction of radiation flux
densities measured at the Climatological
Observatory, St. Paul, MN, during the 26
February 1979 partial eclipse.
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Figure 6
Incoming and outgoing longwave radiation
for the eclipse of 26 February 1979.
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temperatures. Assuming the snow surface radiates with
an emissivity of 0.99 (7), the surface temperature at the
time of maximal eclipse was calculated to be -12.4 °C,
a decrease of 6.4 °C from the non-eclipse condition.
The air temperature was --5.9 °C at the same time. This
indicates that a marked inversion existed between the
temperature shelter (about 1.6 m above the earth's
surface) and the snow surface.
The actual amount of incoming solar radiation
received over the period extending from 0930 to 1215
CST was calculated to be 42.6 W m-2 (Table 2). This is
a 38.2% reduction from the expected reception of 68.9
W m- 2 given cloud-free conditions on the same date
Figure 7
Albedo for the period 0715 to 1700 CST
on 26 February 1979.

Albedo for the period 0715 to 1700 CST is shown
in Figure 7. The erratic behavior exhibited during the
eclipse can be partially attributed to the fact that the
levels for the incoming and reflected radiation fluxes
were at the low end of the sensitivity scale and the
ability to accurately read the scales for both the
instruments and the recorders. A similar condition
commonly occurs in albedo curves for periods shortly
after sunrise or before sunset when the sun angle is
very low. As shown previously, this eclipse reached a
maximum of 91% of totality and had a significant
impact on the amount of radiation that could be
measured. Note that the minimum albedo value that
occurred during the eclipse is comparable with the
value that was calculated around 0720 CST (sunrise
was at 0656 CST). Therefore, the spike-like features
apparent during the eclipse period appear to be an
artifact of the low values and the instrumentation
rather than a phenomenon associated with the eclipse
itself.
At the Rosemount site, air temperature decreased
about 1.9 °C as the eclipse advanced and for a short
time following maximal coverage (Fig. 8). As the
eclipse receded, the air temperature increased by
about 3.1 °C during the equivalent time period of the
observed decrease. The greater rate of increase was
due to the greater reception of radiation in the
recovery period as solar noon was approached.
Relative humidity remained essentially constant as the
temperature and dew point decreased (Fig. 8); and,
nearing the end of the eclipse, it declined again as the
air temperature increased. In response to the
reduction of available energy during the eclipse, wind
speed at 3 m decreased in velocity to a minimum of
about 0.72 m s-1 (Fig. 9). This corresponds to the
normal decrease in wind speed at night because of the
Figure 8
Shelter air temperature, dew point and
relative humidity curves for the period 0800 to
1400 CST on 26 February 1979.
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in other years. The percent reduction in solar flux
density at maximum coverage was 91.5%.
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The Partial Eclipse of 30 May 1984
Titis eclipse began at St. Paul at 0912 CST, reached
a maximum at 1027 CST and ended at 1142 CST for a
total duration of 2 hr and 30 min. Maximal coverage of
the sun was well south and east of St. Paul,
approximately over New Orleans, Atlanta and
Richmond, so that the indicated reduction· at St. Paul
was to be 54. 7%. Maximal and minimal air
temperatures for the day were 23.3 °C and 8.9 °C,
respectively, with a wind from the west. For this

eclipse, the measured variables were incoming and
outgoing fluxes of both shortwave and longwave
radiation, air temperature in the standard shelter, and
soil temperature at 1 cm depth under a plot bare of
vegetation.
Minute by minute recordings of total incoming
solar radiation as received on a horizontal surface are
shown in Figure 10. The minimum recorded at 1027
CST on 30 May, 404.6 W m-2, was compared to the
865.0 W m- 2 (plus a 13.9 W m- 2 estimated correction
for the difference in turbidity of the atmosphere based
on a comparison of the two radiation traces at solar
noon) received at 1027 CST a day later on 31 May
1984. Maximal reduction in solar radiation during the
eclipse period was calculated at 54.0% and agreed with
local newspaper reports of 54% (3).
Total incoming (direct and diffuse) and reflected
shortwave radiation measurements for the period 0830
to 1300 CST are shown in Figure 11. During the
eclipse, and most of the day, the sky was free of
clouds. Calculations of expected and actual radiation
reception over the eclipse period show a 23.9%
reduction in solar flux density from 109.1 W m- 2
(expected) to 83.0 W m- 2 (actual). The minimal value
of diffuse radiation, 51.6 W m- 2 occurred near
maximal coverage, which was 12.75% of the total
beam radiation (Fig. 12).
The shape of the reflected radiation curve as well
as its position relative to the incoming radiation curve
is quite different from that of the previous eclipses.
This distinction is due to the albedo difference
between a surface of snow and an actively transpiring
alfalfa crop present at the time of this eclipse. The
difference in ground surface affected the albedo trace
(Fig. 13). A minor decrease in the albedo, from about
25.8 to 22.6%, occurred throughout the period. The

Figure 10
Incoming solar radiation for 30 May 1984
compared with that received the following day
which had similar atmospheric conditions.

Figure 11
Smoothed total incoming and reflected solar
radiation for the eclipse of 30 May 1984.

Figure 9
Wind speeds measured for the period 0900 to
1230 CST on 26 February 1979 at a height of
three meters for the 26 February 1979 eclipse.
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110

Figure 14
Incoming and outgoing longwave radiation
for 30 May 1984. The outgoing longwave
radiation during the eclipse is compared to
that which was measured on the following
day (dotted line). Radiation measurements
have been smoothed.
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Diffuse radJation for the period 0830 to 1245
CST on 30 May 1984.
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Shelter air temperatures for the period
0830 to 1245 CST on 30 May 1984.
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a coverage of only 54% in this case. Dew point or
wind measurements were unavailable for this eclipse.
Bare soil temperatures measured at a depth of 1-cm
are shown in Figure 16 for 30 and 31 May 1984.
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Figure 13
Smoothed albedo values for the period
0830 to 1245 CST on 30 May 1984.

l
g

930

24.4

23.0

24.0

22.S

23.8

e

23.2

w
a:

22.8
22.4
830

900

930

1000

1030

1100

1130

1200

1230

TIME(CST)

~

22.0
21.S
21.0
20.5

0.

~

20.0

I-

overall change during this period is small (likely due
to the nature of the surface) in comparison to the other
eclipses with snow surfaces, and there is no indicated
change in albedo during the eclipse period.
Similar to the 1979 eclipse, the change in outgoing
longwave radiation is apparent and even more
pronounced (Fig. 14). The decrease can be compared
to the values recorded the next day, 31 May 1984,
under similar atmospheric conditions.
During the advance of the eclipse and at maximal
coverage, air temperature decreased by about 1.0 °C;
during recession, air temperature increased roughly by
1.5 °C (Fig. 15). These values are much smaller than
those for the eclipse of 1979, because the eclipse in
1979 attained a maximal coverage of 91% compared to
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Missing values for the period 0940 to 1035 CST, 31
May, were interpolated to maintain the observed trend
in the data. Additionally, based on a visual
comparison, the entire data set for 31 May was
adjusted downward by 0.13 °C to account for the
difference in temperatures for the two days. The plot
shows a nearly 1.5 °C drop in temperature that
commenced about 30 min after the beginning of the
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Figure 16
Bare soil temperatures measured at a
depth of 1 cm. The curves shown are for
the values measured for the 30 May 1984
and the following day.
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eclipse. Temperatures began to recover about 15 min
after maximal coverage. In extrapolating the two
curves it appears that they would eventually meet
This indicates that the I-cm soil temperature would
recover completely to the value that would have been
attained at the end of the heating period, had the
Figure 17

Bare soil temperatures measured hourly
at depths of 1, 5, 10, 20, 40, and 50 cm over
the period 0600 to 1800 30 May 1984. The
effectis of the radiation decrease are apparent
to a depth of 10 cm.
36 , - - - - - - - - - - - - - - - - - - - - ,

34

1 cm

32
30

'- 28
w

~

a:
w

26
24

Q.

22

w

20

::E
I-

REFERENCES

18
16
14

12

8

10

12

1. Abbott, W.N. 1958. On certain radiometric effects

50cm

BEG MAX ENO

14

16

18

TIME (CST)

radiation not been decreased at all during the day.
Effects of the radiation decrease on bare soil
temperatures were seen to a depth of 10-cm on 30 May
1984 (Fig. 17).
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The eclipses of 1970 and 1979 proved strikingly
similar in terms of the solar radiation and albedo.
Differences seen in the 1984 results for these variables
resulted primarily from the absence of snow cover,
present during both earlier partial eclipses.
The reductions in incoming solar flux density over
each of the eclipse periods varied between 21.6% and
38.2%, corresponding to the 50% and 91 % of totality
eclipses, respectively. A comparison between the
'percent of totality' and flux density reduction revealed
that the relationship was quite consistent. The percent
difference between these quantities ranged from 42%
to 44.3% with a mean value of 43.2%. This implies that
by taking 43% of the eclipse "percent of totality" value,
we are provided with an estimate of the potential
reduction in solar flux density over the period of the
eclipse given clear sky conditions. The validity of this
relationship as well as its applicability to future
eclipses is uncertain due to the extremely small sample
size.
Results of the analysis for the 1984 eclipse are by
far the most comprehensive of those examined in this
paper. Further opportunities will present themselves in
which the study of solar eclipse meteorology may be
continued. Through the collection of complete sets of
radiation and meteorological data recorded on the
eclipse day as well as adjacent days, continued
rigorous comparative analyses can be performed.
Future examinations of the various meteorological
variables will help provide a better understanding as to
the nature and degree of variability in these quantities
that occur during a partial solar eclipse.
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